MIANY of the crippling deformities resulting from injuries to the hand could be avoided if the proper initial operative and post-operative treatment were used. Injuries to the hand are among the most common conditions with which a surgeon has to deal. It is surprising, however, that the surgeon who does skillful work in other departments of surgery often fails to get equally good results in his work on the hand.
From the standpoint of treatment, injuries of the hand may be divided into the following groups: (i) Injuries requiring immediate repair; (2) inijuries necessitating final restorative treatment. In cases where there has been a loss of soft tissues with contractures, especially on the palm, and flexure surface of the finger, a pedicle skin graft should be used. This graft may be taken from its most adaptable location, viz., from the abdomen, thorax, back, thigh or buttocks. The pedicle skin graft is the only type which promises permanent results, because of the excellent pressure-bearing surface it provides.
There are certain principles which are necessary to observe in the treatment of these cases if a successful final result is to be obtained. Since each principle in its particular way, and all combined are so interdependent, the non-observance of any one prinlciple will diminish the value of the others.
(i) All scar tissue must be removed and the skin edges undermined.
(2) The surrounding skin which has been under tension will then contract to its normal state.
(3) All hematomata should be avoided by hemostasis, brief drainage, and gentle prolonged pressure.
(4) Immobilization and avoidance of any raw area are essential to accurate healing.
(5) A skin-pedicle graft should not be under tension, otherwise gangrene of the graft may set in.
(6) To insure a viable pedicle graft, the span or flap should be approximately three times the width of the pedicle and should be cut at least one-third larger than the area to be covered, as there is always immediate shrinkage of the flap. (7) The selection of the skin to be transplanted must be made with some regard to the character of the skin surrounding the area that needs to * Read before the Cliinical Society of the New York City Correction Hospital, January 30, I933.
be covered, e.g., the selection of hairy skin should be made to cover the defect in a hairy area of the body. (8) The sooner the operation can be performed after an injury has been sustained, the better. If possible, it should be performed before the trophic changes have taken place in the joints. When there exists a defect in the skin or soft parts, this defect may be overcome by the use of any of the accepted skin grafts, viz., (i) Thiersch graft; (2) pinch or pedicle graft; (3) Wolfe or whole-thickness graft. These grafts are to be used according to the indications in each case.
Thiersch Graft.-(i) Thiersch skin grafts are valuable in covering over superficial raw areas on the dorsal surface of the hand and between the fingers, since this type of repair lessens contractions and prevents infections which otherwise would be more apt to occur. They have the advantage of being easily obtained and of taking readily even in the presence of a mild infection.
The disadvantages of the Thiersch graft are that: (i) They cannot be used on the flexor surfaces of fingers or hand as they bear pressure poorly; (2) they undergo shrinkage. Before applying Thiersch grafts, the skin surface is prepared, as for operation, by cleansing with soap and water only. Antiseptics are not to be used.
The graft may be cut quite satisfactorily with an ordinary straight razor; a special skin-graft instrument is unnecessary.
Strips of sterile adhesive plaster are used for covering a fixation of the grafts, taking care to leave a space for the escape of the wound secretion into the gauze dressing. The adhesive-plaster strips should be changed once in ten days but the gauze should be changed every three days.
Pinch Graft.-(2) The pinch graft is a deep skin graft that is used to hasten the healing of granulating wounds. It is obtained by snipping minute bits of skin from any skin surface and applying them to the surface which is to be covered with epithelium. This method is most successful to hasten healing of raw granulating surfaces, thus minimizing the danger of infections and contractures. Here again fixation of the graft is a procedure of vital importance. The method described for Thiersch graft should be followed. It is important to remove pressure compression caused by the gauze dressing, by removing the gauze every three days. The skin defect produced by removal of the graft should then be closed with a suture.
Wolfe or Whole-Thickness Graft.-(3) The Wolfe or whole-thickness graft utilizes the entire thickness of the skin. This is a very pliable graft and resembles in appearance the surrounding skin, and does not undergo so much shrinkage as does the Thiersch graft. It should be used to cover fresh wounds. The Wolfe graft is not adaptable to granulating wounds as are the pinch and Thiersch grafts. "Taking" of a graft depends upon the nourishment of the tissues immediately beneath it. The Wolfe graft 196 should be cut to the exact size of the defect that is to be covered. Its success will depend upon four factors:
(i) There must be accurate coaptation of the edges of the graft with the skin margin of the defect to be closed; (2) all subcutaneous fat should be removed from the graft; (3) inig the skin between them. The defect in the skin is then closed by bringing its edges together (Fig. i) . WNe then suture together the parallel edges of the pedicle so that it assumes the form of a tube with the skin surface outward. The tubular graft has very little raw surface exposed, consequently the graft remains much cleaner. The pedicle should be made loose to allow free circulation (Fig. 2) . The tension should be that of normal skin. The hand must be kept absolutely immobile. Split-tube drainage, vaseline gauze or rubber dam should be placed between the skin tube and the underlying skin wound for the first thirty-six hours. Wild pressure is employed when dressing the wound to prevent hematoma. In about two or three weeks the skin continuous with the distal endl of the tube should be raisedl and cut to pattern required and then transferred to fill the defect which is 198 to he coveredl. About two or three weeks later, the proximal end of the pedlicle is cut off at its base and sacrificed. if it is correctly appliedl and not allowed to remain on the arm for more thani one lhour, there will be very little danger to the tissues. The best tournii(luet is a rubber bandage about three inches wide. It should be placedI arounid the lower third of the arm; it should never be applied to the middle third of the arm lest it cause damage to the musculospiral nerve. Before applying the tourniquet, the arm should be elevated and the blood in the hand(I ancd forearm milked out by massaging toward the shouldler. Then the b)andage is woundl several times loosely around the arm to prevent it from cutting in and injurinig the arm. Finally it is rapidly wound tightly and the last loose end is placed under a loo1) in the bandage to hold it in place.
In this way the veins will not have tilmle to refill and therefore, when the tourniquet is properly applied, the limb will have a ca(laverous aspect, being entirely (levoid of blood.
The tourniiquet should never be allowed to remain on for more than one hour, because too long an ischemia will provoke a generalized tissue reaction, which again results in a (legree of firm induration of the parts similar to the con(litioni of Volkman's ischaemia. It is safer to divide the operation into two or miiore stages, as the amount of work one can accomplish on the hand in one operationi is limiteIl by the time it is safe to maintain ischoemia by the tourniquiet.
Functional injuries of the hand may be divided under four headings: Prevention of Contractures and Stiff Fingers.-As a factor in preventing stiff fingers, the importance of properly placed incisions for drainage in infections of the hand cannot be too strongly emphasized.
It is also necessary as soon as the acute symptoms have subsided to actively and passively move every finger-joint in order that drainage be facilitated and the formation of adhesions be prevented; because the longer the infection lasts, the greater is the growth of granulation tissue and consequently the greater the eventual cicatricial contraction. In changing the dressings asepsis must be maintained. The hand should never be allowed fo become waterlogged by the prolonged application of wet dressings. After the first dressing which takes place about the third day after the operation, every morning and evening, the hand and forearm should be soaked for about ten minutes in a sterile bath of normal saline solution. After the bath, the hand is laid on a sterile towel for about thirty minutes under an electric lamp. Then the hand is dressed with gauze moistened with 5 per cent. Balsam Peru in castor oil.
Secondary Effects of Contractures.-In skin the irritation of the scar from intermittent tension results in keloid formation. Thus, where a scar crosses a flexion crease, every effort of extension tends to increase the keloid formation and this, in turn, the contractures. The same is true of the deep cicatrix for connective tissue and in some people more than in others. Muscle balance is upset. While one group of muscles is overstretched and weakened, the opposing group is allowed to contract and become fixedly so. Secondary contractures result.
Dupuytren's Contraction.-While the etiology of Dupuytren's contraction is obscure at the present time, successful treatment exists. The deformity consists of a permanent flexion of one or more of the fingers due to a contraction of the palmar fascia and its digital prolongations. It is a recognized fact that the treatment for Dupuytren's contraction is surgical. The method which gives the most excellent results is excision of the palmar fascia with a pedicle graft to fill the defect.
Technic.-The parts are thoroughly cleansed with soap and water-no antiseptic is used. A T-shaped incision on the palmar surface of the hand is made. This incision gives a good exposure of the whole aponeurosis. The transverse part of the incision is made along the distal palmar crease. The lower part of the T is made at right angles with its horizontal top and reaches the base of the wrist. The skin is then undermined on all sides exposing the entire palmar fascia starting from the proximal portion.
Dissect the fascia en bloc up to its digital ramifications. All the hop6& 200 lessly affected skin that was adherent to the fascia is removed.-The skin defect is filled in with a pedicle skin graft. The wound is dressed with the fingers in full extension.
The post-operative treatment is a long, painstaking one. Two weeks after the operation, massage-active and passive-and exercises of the fingers are begun.
Volkmann's Ischemic Contracture.-The deformity present in Volkmann's ischaemic contracture is palmar flexion of the wrist, hyperextension of the metacarpophalangeal joints and flexion of the phalangeal joints.
The etiology of Volkmann's contracture is principally compression of the soft structures on the flexor surface of the forearm. The deep fascia of the flexor aspect of the forearm, together with the bones, and the interosseous membrane, constitute a tough wall of an enclosed space incapable of expansion. When swelling occurs due to extravasation of blood and fluids into this space, the pressure exerted, first affects the muscles most, but the nerves and other structures are not spared. After the initial intense inflammatory reaction and absorption of products of necrosis, contracting fibrosis occurs.
The muscles undergo fibrous degeneration afnd are shortened. All tissues are bound together in the cicatrix and the nerves are damaged and strangled, resulting in paralysis and atrophy.
Treatment.-The following conservative method advised by Robert Jones is the most effective: It consists of making constant use of mild traction which will draw stiff joints into functioning positions, elongate soft cicatrices and contracting muscles.
(i) The first procedure is to passively flex the wrist to allow the fingers to extend; each finger is strapped to a finger splint in extension.
(2) A day later attempt is made to extend the phalangeal and the metacarpal range by means of a metal splint, the wrist being allowed to remain flexed.
(3) The next step is to daily extend the wrist a little farther, the improved position being held by the splint. This process is continued until the wrist is dorsally flexed. Hyperextension of the wrist and fingers is maintained for about six weeks.
INJURY TO THE HAND WITH AVULSION OF SKIN OF THE PALM AND FINGERS
CASE.-A man, aged forty-two years, caught his right hand in a sandpapering machine. The skin and the subcutaneous tissue of the entire palm and the flexor surface of the thumb, fourth and fifth fingers were torn off, exposing the flexor tendons. The wound was not sewed. A vaseline dressing was applied by the physician then in charge. Flexion contraction of the thumb, third and fourth fingers developed. The fingers and thumb could not be extended voluntarily or passively, because of the resistance of the scar-tissue contraction on the flexor surface. This is one of the most unfortunate conditions which one can encounter in the hand, owing to the cicatricial contraction which follows laceration of the palmar structures. The excessive formation of connective tissues here is a quite regular occurrence with the production of a dense scar. The usual places where similar scars may form are on all flexor surfaces, in the neck, in the 201 folds of the wrist, elbows, popliteal space, etc., because they are subjected here to frequent repeated extension and flexion.
Treatment requires: first, the dissection away of all the scar tissue. The next step was to undermine freely the edges of the wound, then fill in the defect left from the scar excision by a slightly larger piece of normal skin. Such a piece of skin was secured in this case by transplanting a pedicled flap from the front of the abdomen which had been surgically prepared. The arm and hand were immobilized across the body in a comfortable position with a wide strip of adhesive plaster. The hand and arm must be kept perfectly still for fifteen days after the operation. Under local anaesthesia on the fifteenth day the pedicle of the flap was entirely severed and the hand released from the abdomen. The cut edges of the flap bled freely, which spoke well for a successful outcome. The freshly cut edges were now sutured to the hand and a dry dressing applied. Result.-The patient was able to flex and extend the fingers. The hand grip was strong. The skin in the palm was entirely covered and gradually the transplanted skin flap became toughened to meet the demand for pressure placed upon it, resulting finally in a very excellent pressure-bearing surface in this tender tissue.
Second Operation.-The scars on the flexor surface of the finger not having been removed at the first operation, it became necessary to do this later, as these scars were scraped down and ulcerated when pressure was brought to bear upon them. The second operation was performed October 8, I9I9. The skin of the hand and 202 abdomen was surgically prepared, the scar tissue extending on the palmar surface of the fourth and fifth fingers was removed, and the edges of the wound freshened and elevated, allowing them to retract away from the field so as to leave it free, thus preparing the bed for the transplant. As the skin between the fingers was destroyed at the time of the accident, it was necessary to make a new web. A tongue-shaped pedicle flap (Fig. 3) , was made, one-third wider than the width of the fourth and fifth fingers with the pedicle upward, including the entire thickness of the skin and a little of the subcutaneous tissue from the side of the abdomen and infracostal region (Fig. 4) . The patient's hand was now placed on the abdomen and the skin edges of the hand wound were sutured to the flap (Fig. 5) , which must be gently handled, carefully adj usted as precision and accuracy of apposition is essential. The hand and arms were immobilized with adhesive plaster. Fourteen days later the pedicle was cut. A new web was constructed from the transplanted graft between the finger and sewed in place, which healed by primary union. (Fig. 6.) FIG. 6.-Showing dorsal surface of hand with new web between the fingers sutured in place, also the lateral edges of the pedicle flap sutured to the edges of the fingers.
Injury Involving the Dorsum of the Hand.-The pocket method of closing the skin defects may be used in this type of injury. This method of skin grafting consists of raising a bridge of skin and subcutaneous tissue from the underlying aponeurosis, inserting the part to be grafted (Fig. 7) , and fixing it there until union between the raw pedicles are cut. It is very important to take a Wassermann test and never to operate where there is an active syphilitic process. This method is indicated where it is necessary to cover large skin defects of extremities as after injuries of hand, wrist, finger or foot, especially about their joints; to remove cicatrices which bind down tendons and interfere with action of muscles or their tendons and to restore flexion or extension.
CASE.-A woman, aged twenty years, while working in a laundry about two and a half months before her admission to the hospital, had her right hand caught in a 203 mangle. The skin and subcutaneous tissue were torn off the dorsum of the hand, exposing all the extensor tendons. The wound refused to heal. In addition to the skin defect, due to cicatricial contraction of the dorsum of her hand the extensor tendons were fixed, so that she was unable to close her hand. This made the indications for the operation two-fold: first, to cover the skin defect, and secondly, to prevent contraction.
After improving her health and strength by general hygiene, dietetic and tonic measures, an operation was planned for relief by transplanting from the abdomen to the dorsum of the hand, a strip of normal skin broad enough to fill the gap left after excision of the scar tissue, binding the extensor tendons and allowing the flexor tendons to act in the closing of the hand.
The skin of hand and abdomen was surgically prepared; all the cicatricial tissue was removed; then the edges of the wound were freshened and elevated, allowing them to retract away from the field so as to free the field far above and below, thus preparing the bed for the transplant. Injury to Hand with Loss of Finger-tip.-In a large number of occupations, especially among musicians, the shortening of a finger even ever so little would greatly lessen its value. Conservation of function must therefore always be kept in view. For this purpose the following simple plastic operation may be relied upon to retain the original length of a finger after the loss of soft tissue by partial traumatic amputation of the terminal phalanx.
The best method of early treatment, especially when the bone is exposed, is to raise a single pedicle flap with a lateral attachment to the palmar surface of the finger near the wound. Suture it to the opposite side of the terminal phalanx providing a good pressure-bearing surface. If one allows the entire wound to heal by granulation, there would be a sensitive stump, the bone being covered by scar tissue only, while shortening the bone would naturally give a shorter finger.
CASE.-A lad, aged sixteen years, while chopping meat, accidently amputated the tip of the middle finger which was cut off obliquely a quarter of an inch beyond the wound. The wound and skin surrounding it were surgically prepared. A transverse incision was made and the flap of skin and subcutaneous tissue raised with a single pedicle attached. The free end of the flap was sutured to the opposite side of the finger. The flap lived in its entirety; the sutured edges united by primary union, and the resultant raw surface left to granulate. In fourteen days the finger had entirely healed. Amputation at a higher level had been avoided and the power of flexion at the distal joint was preserved.
Loss of All or Part of Finger.-Nicoladoni was the first to describe the autoplastic transplantation of a toe for the traumatic loss of a finger which he published in the Archives of Clinical Surgery in the year I900. He successfully performed and described an operation in which he replaced a thumb by transplanting the second toe. Since then very few cases of successful transplantation of toes to replace lost fingers have been reported.
CASE.-September i8, 1925, a man, thirty years of age, while operating a breadslicing machine, accidentally amputated the distal third of the middle finger of his right hand. The wound being recent and clean, the case was considered favorable for grafting a toe to replace the missing finger.
The day following the injury, the patient was placed under ether and after exceptional care of the surgical field, the following procedure was carried out:
An incision was made at the level of the head of the fifth metatarsal bone, transversely across the dorsum of the small toe of the right foot, deepened through, exposing the extensor tendon. This was cut across and the bone disarticulated. The in-205 cisioni was carried farther until the toe was left attached to the foot by only a pedicle plantar flap, consisting of skin, subcutaneous tissue, plantar vessels and flexor tendon. The dorsal skin edge of the stump of the finger was freshened. The end of the extensor tendon was sutured to the distal end of the extensor tendon of the toe and the dorsal skin edge of the finger was sutured to the distal dorsal skin edge of the toe. This necessitated complete immobilization of the parts with the hand in constant juxtaposition with the foot. Plaster-of-paris was not used, it being found complete immobilization could be made by properly placed adhesive and gauze bandages. He was placed in a Gatch bed which permitted flexion of the body to almost an upright sitting position. This gave a fairly comfortable position and relieved tension on the bandages, since at least two weeks is necessary with constant attention and frequent dressings for a union to take place.
The second stage of the operation was performed at the end of that period, as follows: The pedicle flap was cut across transversely, exposing the flexor tendon, which was also cut and sutured to the flexor tendon of the finger. The skin wound was closed with interrupted sutures.
Passive motion confined to flexion, was instituted on the third day: after the second stage of operation hyperextension was necessary or used. The cosmetic result was satisfactory and sufficient function was obtained to permit the closing of the hand in complete flexion. Sensibility has partially returned. The color of the skin is practically the same as the color of the other fingers.
The value of the operation does not consist alone in giving a more sightly hand, but in restoring the normal length of the finger it gives to those whose occupation requires exceptional use of the fingers an opportunity to continue their work. Professional people, as, for instance, pianists, violinists, typists, and penmen will appreciate a functionally complete member. Laborers, whose chief finger is the thumb, will regain the grasping power that is necessary to continue their wage-earning ability.
Nicoladoni advocates two methods: The first consists in a plastic cuff from the chest into which a graft from the tibia is transferred. This permits of abduction and adduction only, whereas in the second method a transplant of the toe carries with it the extensor and flexor tendons, which offer not only adduction and abduction, but also flexion of the new thumb which restores in great part the grasping ability of the hand. Close application to details is essential. First, to provide a good healthy plantar pedicle flap anid the preservation of as many blood-vessels as possible. Secondly, the proper suturing of tendons. Third, strict asepsis and a careful watch to guard against hematomata which are almost certain to become infected and destroy an otherwise perfect result.
If the above precautions are observed, a useful member may be added to the hand at the expense of a seemingly unnecessary toe.
Scar Conttractutrc of Finl,gr-.CASE.-A man, aged twenty-nine years. When he was eight years old he fell on a hot stove and burned his right hand. The wound healed slowly leaving a marked flexor contracture of the fifth finger. Owing to the skin defect, and as a result of the cicatricial contractioni, the finger was drawn to the palm preventing forcible extension. The scar extended to the mid-line of the finger from the second phalanx across the palm to the second proximo flexor crease of the hand. This medium scar was ridge-like and consisted of dense cicatricial tissue which had contracted so that it interfered with his work.
HAND INJIURIES
Oper-ation-.-The skinl was surgically prepared unider genieral aiaxsthesia. As the first step of the operation all cicatricial tissue was removed. The edges of the wound were freshened anid elevated, allowinig them to retract away from the field, thus preparing a bedI for the tranisplant. The raw surface left by removinig scar tissue was filled in by a single pedicle flap obtained from the back of the same hanld anld stitched to the edges of the finiger. Fourteeni days later, the base of the flap was sewed to the proximal portion of the skin wound in the flexor surface of the finger. The wound on the back of the hand was closed. The transplant healed in soundly.
It is very important while a hand is undergoing healing from injury or infection to put the fingers and wrist into functional positionls. A hanid with a straight wrist with extended proximal finger-joints, and with the thumb at the side of the hand, is practically useless.
The wrist should be placed in dorsal flexion, and the fingers should be partially flexed, especially in their proximal joints, while the thumb should be in slight abduction.
The -Z-incisioni is valual)le in the relaxation of scar contracture of the hand and is used with good results in deepening the commissure in incomplete syndactylism for the relief of a web between the thumb and forefinger.
-By initerposition of the two flaps made, the scar pull is broken. This method has simplified the handling of many cases which would otherwise have had to undergo a much more extensive and serious operation in order to obtain relief. Plaini gauze dressinig is then applied and the part is immobilized.
Webbed Fingers.-Webbed fingers or syndactylia may be of traumatic origin, but this condition is usually congenital. \Vhen webbed fingers are of traumatic origin the best treatment consists of, first, the removal of all the scar tissue, then cover the defect with a pedicle graft which makes a new web. In the most common form of this deformity the fingers are joined by skin and fibrous tissue up to the interphalangeal joints, but sometimes they are joined throughout the entire length of the finger. It is advisable in infants to separate the completely fused fingers of unequal lenigth to allow unhindered digital growth. Complete separation of fingers, however, and the formation of a new web is not done until the child is six years old.
The best operationi for correcting congenital webbed fingers and one that 207 will not be followed by recurrence of the deformity is performed in this manner: Oni the dorsal surface of the web make a triangular incision and reflect the flap which should be thick and well nourished. Divide the web uniting the fingers. Turn In repairing the tendons of a finger, usually the sublimis tendon is removed so as to leave but one flexor tendon, as two in a finger would adhere to each other. If, though, the sublimis tendon is cut too short at its insertion, the middle joint of the finger is apt to overextend. If cut too long, the stump of insertion will proliferate and fasten itself to the proximal segment of the finger and draw the middle joint into flexion contracture.
WVherever a tendon is cut off, unless in a sheath, its unattached or unsatisfied end should be prevented from attaching itself to the surrounding tissues. This can be done by embedding its end in an adjoining tendon or by anchoring it slack, so it will not, by attaching itself under tension, hinder the movement of other tendons which are drawn by a common muscle. Occasionally, after repair of tendons, the mistake is made of splinting the fingers instead of the wrist in flexion. This results in flexion contracture, as the part of each tendon repaired will attach itself to the tissues too far proximal in the limb. Fractured phalanges and metacarpals cause much disability by holding the tendons in callus, thus causing flexion contracture of the fingers. This can usually be relieved by freeing the tendon and placing a graft of triceps paratenon between it and the bone.
It is advisable to wait about one year after the wound has healed before inserting a tendon graft or before performing a tendon transplantation operation.
A sloughing tendon is eventually replaced by a contracting cicatrix which attaches to surrounding tissue and draws the point into flexion. The tendon sheath proliferates greatly, and similarly attaches itself and contracts. Such a firm cord cannot be drawn out by continuous traction. Physiotherapy is useless. The damage found at operation is always worse than expected. If 208 the tendon is severed in a sheath, the tendon-ends will be found rounded over and without proliferation and free in the sheath. If severed in paratendon, however, the tendon will send out fibres which may be an inch or two long and considerably thicker than the tendon itself.
These fibres will attach themselves firmly to whatever they touch and anchor the tendon end. If the tendon is severed where there is no gross paratendon, but merely a thin slippery layer, as is seen in the palm, even here a thick translucent jelly-like substance will soon extend out as a pseudopodium and attach. Thus, if a tendon end is unsatisfied it will by growth reach out and firmly attach itself. In an end-to-end suture of a small tendon to a large one, care must be taken to enclose the unsatisfied part of the large end or it will reach out by a pseudopodium, and become so attached. This will hold back the common muscle which pulls the tendons of the other fingers and so limit the action of all the tendons. The distal end of a flexor tendon left in a finger will contract and draw the finger into contracture. That part of a flexor tendon distal to an attachment always becomes adherent throughout the length of the finger.
TENDON SUTURE. Technic of Author's Stitch.-The needle enters the tendon on its lateral surface half an inch above the cut end, passes transversely through half the thickness of the tendon to emerge on the opposite side. The needle then enters the tendon on its anterior surface, at a point half an inch from its cut and three-fourths of the distance across the tendon. Perforating to half its anteroposterior thickness, it passes longitudinally through the length of the tendon emerging at its cut end to one side of the median line. The free end of the silk is crossed diagonally over the other suture, perforates the tendon half an inch from the cut and passes through the length of the tendon and emerges on the other side of the median line. Sutures now are passed in similar fashion into the other end of the cut tendon, and then tied to corresponding sutures opposite: bury the suture knots between the approximated tendon end. (Figs. 8  and 9 .)
Where the two severed tendon ends cannot be brought together because of muscular contraction, or because they are deeply buried in dense fibrous tissue, I have obtained good functional results by removing the injured segments and inserting a graft of tendon with its sheath. A strip of the tendo achillis may be used. The tendons of the palmaris longis, the flexor sublimis digitorum, and the extensor communis digitorum can be easily dissected with their sheaths and make excellent grafts for tendon defects in the hands and fingers. The tendon sheath is then sutured with fine catgut.
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Provided the wound is healed, passive movement can be commenced at the end of three weeks. Voluntary motion should not be begun before the end of six weeks, as it has been demonstrated by animal experimentation that it takes six weeks for a cut tendoln to be firmly united. Before that time, newly united tendon will stretch with loss of good functional results. Passive movements should be made with as long excursions as possible, and the best results are obtained if these passive movements are alternated with absolute rest.
Even though passive movement has been started at the end of three weeks, and voluntary motion attempted at the end of six weeks, the development of adhesions is almost inevitable, making necessary the second stage of this operative procedure.
In three of my cases, the tendon had united perfectly, yet adhesions had interfered with function and a good result was obtained only after the following secondary operation was performed.
Technic of Secondary Operation.-Make a lateral, longitudinal, curvilinear incision, the longitudinal part of the incision being placed midway between the palmar digital nerve and artery, on a level with the flexor tendons and dorsal artery. The curved part of the incision is directed toward the volar surface. A flap of skin and subcutaneous tissue is raised and retracted to bring into view the sutured tendon; and if bound down by adhesions must EFic. 9.-Showing suture tied, the knots buried between cut. margins of tendons. be freed to leave the tendon surface smooth. In addition, the sutured segment must be the same size as the rest of the tendon. When the wound has healed, inaugurate gentle, passive movement with long excursions and rest intervened. Note that the stitch described above avoids post-operative separation of the tendon ends, is easy and rapid of accomplishment, and by burying the sutures between accurately approximated tendon ends, a smooth surface is obtained.
Avoid Arthroplasty for Bony Ankylosis of a Finger-joint.-An arthroplasty for bony ankylosis of a finger-joint is performed by resecting one of the two articular surfaces of the affected joint, preferably the head of the proximal phalanx of the finger. The operation is performed through a lateral incision in the space between the dorsal and palmar digital arteries. In some cases, however, the proper exposure requires a second incision on the opposite side of the finger. In the next step of the operation, the new joint cavity is filled with a free transplant of fat obtained from the abdominal wall. The skin is closed with interrupted silk sutures.
Post-operative Treatment.-This consists of traction after the operative wound is healed. The traction is followed by active motion, baking and massage.
Recovery of function is slow, and four months usually elapse before the patient is able to fully extend his finger and flex it to the palm.
The difficulty and delay which is encountered in the restoration of the function is due mainly to the proximity of the joint to the skin surface, causing adhesions.
Because of these adhesions formed between the tendons and joint surfaces the period of disability is increased.
This complication should be prevented by physiotherapy measures which have been already enumerated.
Injury to the Joint.-When the joint capsule continues to hold the finger in a flexed or in an overextended position, it is necessary to correct this deformity. The correction of the deformity is best accomplished by either capsulotomy or by excising the contracted part of the capsule, which may be on the palmar or dorsal surface, but it is always on the shortest part of the contracted portion of the capsule. Simple incision of the capsule is usually not sufficient, as the wound edges will tend to reunite, thus defeating the purpose of the operation.
In order to secure a satisfactory result, it is advisable to excise a portion of the capsule. By doing this one can secure a joint whose functional ability is at least 70 per cent. of the normal mobility. Concerning the wrist, it is known that the grip of the hand is markedly diminished when the latter is in palmar flexion. Therefore, when such a condition exists, it is necessary to place the wrist in dorsal flexion. The best functional result is obtained by placing the wrist in I20°dorsal flexion. The most desirable method for securing such a position is to remove the proximal row of carpal bones, and perform an arthroplasty. The latter operation produces a very serviceable wrist. Arthrodesis in dorsal flexion produces very little disability, and will make the flexor muscles available in the forearm.
Stabilization of the wrist in dorsal flexion, whether it be by arthrodesis or through the action of the extensor muscles of the wrist, is absolutely essential for a good grip, as otherwise the flexion of the fingers would draw the wrist also into flexion and so the fingers would lose their strength.
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CASE.-A woman, aged twenty years, while walking in the street, stumbled over a railroad track, fell to the ground, dislocating the middle phalanx of the right hand. No attempt was made to reduce the dislocation until about nine weeks after the accident, when an operation was performed under general anaesthesia, as it was impossible to reduce the dislocation without an open operation.
A two-inch longitudinal incision was made along the outer border of the fifth finger, and the joint exposed and opened. It was found necessary to resect the head of the middle phalanx and the capsule was interposed to prevent adhesions in the joint, allowing free motion. (2) neuroplastic; (3) orthopoedic operations; tendon transplantation; arthrodesis, or both. Injuries in or near the hand involving only the median or ulnar nerves are relatively rare, because cut tendons or muscles are almost always associated with them. The nearer a median or ulnar nerve severance is to the hand, the better the prognosis after repair, because nerves in or near the hand are not mixed nerves, hence sensory fibres are not lost in growing down motor tracts, and vice versa. This is especially true of primary nerve suture of the median and ulnar nerves in the region of the wrist. (Fig. IO. ) Before suturing these nerves, it is necessary to flex the fingers and hand slightly to bring the nerve ends together. The greatest care should then be taken to identify each structure. If the median nerve is to be sutured, it is essential to identify the palmaris tendon, and also that of the flexor carpi radialis. Little difficulty should be experienced in differentiating between a nerve and a tendon, but it is surprising how often one finds the end of the palmaris longus tendon sutured to the end of the median nerve. A tendon is flattened, more compact, and a glistening pearly white. A nerve is dull, cylindrical, darker, gray, and of softer texture. If difficulty is experienced in identifying the upper end of the nerve, it will help to follow up along the edge of the flexor carpi radialis tendon. If the lesion is in the lower end, it may be necessary to divide the annular ligament and palmar fascia. The median nerve may be identified as it passes along the radial side of the superficial flexor tendons. In suturing the stump of nerves, the author prefers either fine silk or fine linen as suture material. The main objection to chromic gut is the irritation produced by the chromic acid.
In suturing a severed nerve, it is advisable to take up only the sheath. This should be grasped with a fine tooth forceps while the sutures are being introduced. A fine cambric needle should be used for the introduction of the sutures. Only enough of the sheath to insure an efficient grip should be included in the suture, as inversion is very likely to occur if too much is taken. In a case under the writer's care only four sutures were necessary for the median, and four for the ulnar nerves to retain all the nerve bundles within the sheath. The first two sutures should be introduced at opposite ends of the circumference. After tying them, they are left long so that they may be used to steady and rotate the nerve while the remaining sutures are being introduced.
While a nerve is regenerating, it is necessary to hold the muscles supplied by it in a state of relaxation for about two or three weeks, otherwise their function will not return. 213 Combined Median and Ulnar Lesions.-The combined median and ulnar nerve injury at the wrist is a common occurrence. There should not be any difficulty in recognizing a case of total paralysis of both nerves as this appearance of the hand is quite characteristic. (Fig. i i .) The wrist is slightly hyperextended, and the hand inclined to the radial side. The thumb is slightly abducted and lies in the plane of the palm, producing the appearance of an "ape" hand. The first phalanges are moderately extended and passive flexion of the last two phalanges occurs. Marked wasting is seen in the thenar and hypothenar eminences and in the dorsal interossei. The branches to the thenar eminence must be catefully preserved. The nerve passes below the superficial palm arch and divides into its digital termination. Suture of the nerve may be accomplished with patience and exactness in dissection. Usually an operation on the median or ulnar nerve in the palm is only a part of the operation, as in freeing a nerve in scar tissue and to repair cut tendons. To Expose the Ulnar NVerve in the Palm.-Exposure of the ulnar nerve in the palm may be obtained by an incision which begins two inches above the wrist and is carried along the tendon of the flexor carpi ulnaris muscle to the radial border of the pisiform bone, and thence distally into the palm in a direction toward the interval between the ring and little fingers. The nerve is first exposed above the wrist by retracting the flexor carpi ulnaris tendon toward the ulnar side of the hand and in the palm by dividing the palmaris brevis muscle.
The deep branch which is given off from the edge of the nerve opposite the lower border of the pisiform bone is traced to where it pierces the septum between the abductor and flexor minimi digiti muscles. By splitting the septum and retracting these two muscles, the nerve may be followed and freed distally.
To Expose the Median Nerve in the Palm.-To expose the median nerve in the palm, an incision is made from the insertion of the palmaris longus tendon into the palmar fascia to the web between the index and middle fingers. The palmar fascia must be divided and the flexor tendons identified. Near the wrist, the median nerve lies on the radial side of these tendons.
An incision in the palm for drainage of the thenar space should not extend farther 214 than an inch below the wrist, as a deep incision extending closer than an inch to the wrist is apt to sever the median nerve and so rob the thumb of the power of opposition. Conmrents.-It is extremely important that operative measures for repair be instituted immediately in all injuries of the hand. If postponed too long, trophic changes in the joints take place. A tourniquet properly applied is an invaluable aid to accurate identification of anatomical structures. It is also useful in that it obviates traumatizing dissections and permits a more rapid completion of the operation. If the tourniquet is improperly applied, there is obstruction to the venous return 215 without obstruction to the arterial flow and the end result is a bloody field which is worse than no tourniquet at all.
Ordinary skin grafts on pressure-bearing surfaces are very prone to slough. The application of the full-thickness pedicle graft is a most reliable and efficient method; because it withstands pressure best, it should be used in grafting these areas.
Denuded skin areas in a large granulating wound should be covered with either Thiersch or Pinch grafts immediately to obviate the danger of subsequent infection and contractures. This shortens the convalescence and curtails the number of painful dressings.
X-ray films in two views as well as stereoscopical pictures should be taken in all wrist injuries.
Patient and prolonged treatment is frequently required in hand injury reconstructions but in this the patient is usually willing to cooperate, because he realizes the continued improvement in his condition. Many of the cases of partial or complete loss of functions of the finger and hand, due to infections or injuries, may be greatly improved or entirely cured by the proper surgical procedures. (Figs. I2 and I3. ) From the surgeon's viewpoint surgery of the hand is frequently tedious and requires considerable patience and prolonged after-treatment. The efforts are, however, well repaid as one seldom finds a more grateful patient than the one who has had the use of his hand restored to him after he has despaired of such a possibility.
Special attention is called to the old surgical axiom of immobilizing the hand in the best functional position when ankylosis is anticipated.
CASE.-Man aged twenty-eight years was admitted to hospital August 7, I93I, with the history that on the previous day he had thrust his right hand through a glass door and suffered a cut above the wrist by which had been severed the ulnar and the median nerves, the tendons of the flexor ulnaris and the palmaris longus muscles; also all of the flexor tendons of the sublimis and profundus muscles; the hand was motionless in extension. The condition was one of transverse laceration extending through all the anterior soft tissues down to the pronator quadratus muscle. The transverse incision was enlarged and a longitudinal incision at right angle and at mid-line was made and carried up the arm for ten centimetres and to the same extent downward into the palm through the annular ligament. The ulnar artery was ligated, the retracted exposed tendons were matched up and sutured, the nerves likewise. Interrupted fine silk sutures were applied to the nerves, plain catgut used for blood vessel ligation, the fascia and annular ligaments were brought together with silk, a splint was applied to the forearm fixing the hand in extreme flexion. He was readmitted January 13, I932, for treatment of contracture of wrist and fingers. The scar was excised January I4, adhesions about the wrist were separated freeing the tendons; no drainage, skin closed with interrupted sutures; fingers and wrist held in extension by splint. Following the first operation, sensation began to return on the fourth day; at the end of three months complete return of sensation had developed. Following the second operation, seven months after the injury had been received, complete use of the hand was attained after eight weeks with the aid of extensive physiotherapy.
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